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Changes at a Glance for 2023

All posters must be uploaded through this Google Form no later than APRIL 14, 2023.

* For reviewed posters, Pls must record a 5-7 minute presentation and upload the video through this
Google Form. The videos will be available on demand for reviewers only. All video recordings are due
no later than APRIL 28, 2023.

* There will be no poster session. For reviewed posters, reviewers will reach out directly to Pls with any
guestions or comments. Pls must look for and be responsive to reviewer emails from June 12-June

30.

e The AMR will be virtual.


https://docs.google.com/forms/d/e/1FAIpQLSfeeUKlvnj25bZM6MDHLYFGL-GyfFdKEOhsSir3GK46c_LrwQ/viewform?usp=share_link
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdocs.google.com%2Fforms%2Fd%2Fe%2F1FAIpQLSdOtFnVh7NOLy3Z56VNLqu4hClGcOtjU_jSTm-5wRbGqWac1Q%2Fviewform%3Fusp%3Dshare_link&data=05%7C01%7Cnay.chehab-zalaket%40ee.doe.gov%7C21edee8f4daf434dd1fc08db084faf50%7C6b183ecc4b554ed5b3f87f64be1c4138%7C0%7C0%7C638112910554855669%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=seTplzpXfurZfFwnb7G4urSMWWLWfi2Z1jri6%2BV%2BO9c%3D&reserved=0

Submission Deadline

Poster presentations must be uploaded no later than

APRIL 14, 2023.

Poster recordings must be uploaded no later than

APRIL 28, 2023.

No exceptions.



FOR INFORMATION ONLY. DO NOT INCLUDE IN PRESENTATION.

By submitting a presentation file to Oak Ridge Institute for Science and Education (ORISE) for use at the U.S. Department of
Energy’s (DOE’s) Vehicle Technologies Office Annual Merit Review Meeting and to be provided as hand-out materials, and
posting on the DOE’s website, except for employees of the Federal Government and DOE laboratory managing and operating
contractors, the presentation authors and the organizations they represent agree to defend, indemnify and hold harmless ORISE,
its officers, employees, consultants and subcontractors, and the DOE from and against any and all claims, losses, liabilities or
expenses which may arise, in whole or in part, from the improper use, misuse, unauthorized use or disclosure, or
misrepresentation of any intellectual property claimed by others. Such intellectual property includes copyrighted material,
including documents, logos, photos, scripts, software, and videos or animations of any type; trademarks; service marks; patents;
and proprietary, or confidential information.

Employees of Federal Government agencies and DOE laboratory managing and operating contractors collectively represent and
warrant that they have acquired the rights and/or permission for use of all intellectual property, as listed above and claimed by
others, that is needed for developing and submitting a presentation file to ORISE for use at the DOE’s Vehicle Technologies Office
Annual Merit Review Meeting, and to be provided as hand-out materials, and posted on the DOE’s website.



Your poster is public and will be posted to the DOE Vehicle Technologies Office (VTO) Annual Merit
Review (AMR) website.

You are required to create the following file:

o A Microsoft PowerPoint file following the instructions and guidelines contained within this
PowerPoint template.

o Once your PowerPoint presentation is complete, you must create a PDF version of your
PowerPoint presentation following the instructions in this document.

You may design your slides on either a PC or a Mac.

Naming your files: Use the file name that ORAU sent you in your presentation request email to
name your electronic PowerPoint and Adobe files:

Proj#_Pl LastName_2023 p
Example: ACEO02 smith 2023 p



e Format: Use a 16:9 format

* Font:

o Do not use proprietary fonts. All fonts in the presentation must be standard across Windows
and Mac platforms or information may be lost when creating the Adobe PDF version of your
presentation. Use only Arial, Times New Roman, Courier New, Verdana, or Trebuchet MS.

o Use at least a 12-point font.




Ensure there is high contrast between text and background for best readability. We recommend a
white background along with black or dark text. Light or gray text is hard to read so adjust your
template accordingly.

Please remove any copyright indicia from your company template so that your poster can be posted
on the AMR website.

Spell out acronyms and chemical formulas the first time that you use them.
Add Alt Text to all graphics, tables, and charts.

Fill out the Properties box for your presentation.



Do not copy/paste images into your presentation.
o On PC: Insert the image using the “Insert/Picture/File name” menu option rather than
copying/pasting.
o On Mac: Insert the image using “Insert/Picture/Picture From File” menu option rather than
copying/pasting.

Crop images in an image processing software. Save the images as an external file (.jpg and .png file
formats work well).

Inserting original images into your presentation works best for preserving image clarity. If originals
are not available, it may be an indication the image is copyrighted.



* Be aware that animations do not convert to PDF and animated information may not be visible to
reviewers or in the final PDF posted on the VTO AMR website.

* Videos do not translate to PDF reliably and will not be posted on the VTO AMR website.



Your presentation is public and will be posted on the VTO AMR website.

You must include the phrase “This presentation does not contain any proprietary, confidential, or
otherwise restricted information” on at least the first slide (you may put on all slides if you wish).

Do not include any proprietary or confidential information. It is your responsibility to ensure that any
subcontractor information is not proprietary or confidential.

You must remove the copyright indicia on your company template if that indicia is part of the
template; otherwise, we cannot post your presentation on the VTO AMR website.

Your presentation may not include any slide that has “Official Use Only” or “Sensitive” or any similar
wording, or information that your organization might construe as being in such categories.

You must include the phrase “Any proposed future work is subject to change based on funding
levels.” on all slides with future-looking statements.



If you use any copyrighted information or graphics or intellectual property, it must be properly
attributed.

Do not assume subcontractor information may be used without their approval.
Do not assume that information or images published on a website can be used without permission.

If you use copyrighted graphics (including copyrighted photos and journal and magazine covers), you
must provide written permission along with your submitted file for it to be accepted by DOE for the
purposes of the AMR.

Intellectual property includes copyrighted material, including documents, logos, photos, scripts,
software, and videos or animations of any type; trademarks; service marks; patents; and proprietary
or confidential information.

Also see the indemnification statement on p. 7.



Use of Logos

* Do NOT use the DOE logo or seal in your presentation. Some examples include:

FR, U.S. DEPARTMENT OF

@ ENERGY

* Do NOT use the EERE slide template.

* |f you use corporate logos for organizations other than your own, secure permission for use.



 Title Slide: must include Project ID, name of principal investigator, name of presenter if different, and
“This presentation does not contain any proprietary, confidential, or otherwise restricted
information.”

* Overview Slide: must include timeline, budget, barriers, and partners
* Relevance

* Milestones (if not included as part of Approach)

* Approach

* Technical Accomplishments and Progress

* Responses to Previous Year Reviewers’ Comments

* Collaboration and Coordination with Other Institutions

* Remaining Challenges and Barriers

* Proposed Future Research

 Summary Slide

You are strongly encouraged to include the slides in bold.



e Posters are due no later than April 14, 2023.
e Posters can be formatted as a complete slide deck or as one poster.
e Poster file formatting:

o You must submit a .pdf version of your poster

o Use a 16:9 aspect ratio for best viewing

o Do not use a transparent background

» Upload your file through this Google Form.

* There will be no poster session. For reviewed posters:

* Reviewers will be contacting Pls directly via email with any questions. Pls must look for and be
responsive to reviewer emails from June 12-June 30.

* Poster presentations must be recorded and will be available on demand during AMR. Your poster
presentation recording should be between 5-7 minutes. Upload your video recording through this
Google Form.



https://docs.google.com/forms/d/e/1FAIpQLSfeeUKlvnj25bZM6MDHLYFGL-GyfFdKEOhsSir3GK46c_LrwQ/viewform?usp=share_link
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdocs.google.com%2Fforms%2Fd%2Fe%2F1FAIpQLSdOtFnVh7NOLy3Z56VNLqu4hClGcOtjU_jSTm-5wRbGqWac1Q%2Fviewform%3Fusp%3Dshare_link&data=05%7C01%7Cnay.chehab-zalaket%40ee.doe.gov%7C21edee8f4daf434dd1fc08db084faf50%7C6b183ecc4b554ed5b3f87f64be1c4138%7C0%7C0%7C638112910554855669%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=seTplzpXfurZfFwnb7G4urSMWWLWfi2Z1jri6%2BV%2BO9c%3D&reserved=0

* Information and research updates that become available following the submission of the
presentation but before the AMR may be supplied in response to questions submitted via email.

* No extensions will be granted for poster submission.

* Any additional information must still adhere to the time limitations.



Preparing your PowerPoint for Web-Publication/PDF

If making your poster in PowerPoint, make sure to create your web-ready PDF file (the file that will be
published on the VTO AMR website) using the following instructions on the next pages (p. 20-25) to:

e Add Alt Text
* Add presentation detail information
e Create and verify the final PDF



Adding Alt Text to Your Presentation

You must add alternate text (Alt Text) to key graphics, charts, and tables on each slide.

Alt Text helps visually impaired people who use screen readers to know what the picture shows.

Be accurate and succinct. You do not have to say “image of...” or “graphic of....”

A good Alt-Text example of a picture of a crowd at a basketball game:

“A large, diverse group of cheering students, standing up, and fist-pumping on the bleachers of a
basketball game.”



To Add Alt Text to a Chart, Graph, or Image

Note: These instructions are for PowerPoint 2013. If you have a newer version, you may be able to right click on the graph or
chart and select “Edit Alt Text” directly from the menu.

Format Picture VA
‘ . . H O =
Transportation Fuel Type (2018) 1. Right click on the graph
(Total consumption: 28.4 trillion Btu) ‘e Width 6.23" 21
2 & or chart and select “Size Retaton -
Electricity ({ Style Crop Hf ” Scale Height 75%
Renewables* A and POS't'On...
(5.0%) 9 Scale Width 75%
3{) Cut | Lock aspect ratio
Natural Gas EE Copy ~ Relative to original picture size
(3.1%) =
: ‘D Paste Options: Best scale for slide show
P Resolution 640 x 480
| Original size
EEI Change Picture... Height: 535" Width: 8.27"
Reset
‘s, Bring to Front 3 POSITION
O TEXT BOX
Seurce: Transportalion Energy Data Book, edition 37 (Janwary 2019), Table 2.03 H Send to Badﬁ '

B "include hyt eckri wind, solar, andbic-massenergy. . ALT TEXT

% Hyperlink.. . ]
Title 'L
Transportation Fuel Type
Save as Picture... Description
e Pie chart showing that 91‘5\ percent of fuel
&1l Size and Position... used in 2018 was petroleum; natural gas
was 3.1 percent; renewables were 5 percent,

&"‘J Format Picture... and electricity ws 0.3 percent.

2. Select the “Alt Text” option and enter the

Title and a short brief Description of the chart 3. Close the Format Picture pane

to return to the PowerPoint slide



Adding Presentation Detail Information

nfo
* Under the File tab, select Info o0 RDinstructons G s @02
* Click on “Properties” and then ket riﬁ::.::ﬂ_h,.mumm T:;’tﬁ"":i“
select “Advanced Properties” e T
Fratest Fresensation - - - :qmu '-”I= ;‘{*f

L] Sawbud il gl s e e v sy e

On the “Summary” tab of the pop-up window, complete =~ &= =7 setstes Contents. Custon

the fol |OW| ng fle I ds. Title; Cral Presentation Guidelines and Examples
Subject: 2021 WTO Annual Merit Review
* Title: Enter the title of your presentation athors_y [Princpal Investigator Name, Compary

Manager:

Subject: Substitute your Project ID into the subjec

Company:

Author: Enter the Pl Name and Company

Category:
Keywords:

Comments:

Hyperlink |
base:

Template:

* Save preview picture: Make sure this box is checked
Press OK

Save preview picture

> Cancel
L




Creating Final Version of Your Poster (if using PowerPoint)

* Once your PowerPoint presentation is final, you must minimize your PowerPoint’s file size.

* Do this by using the “Save As” option to save the final version of your file as a PowerPoint
presentation.

* Doing a simple “Save” command will not minimize file size.

* You can “Save As” an existing PowerPoint filename if needed.



You are required to submit a PDF version of your presentation.

After saving your PowerPoint file using the “Save As” option, save the file as a PDF using the same
naming conventions as your PowerPoint file.

o If you have Adobe Acrobat Pro software, you can use the Acrobat PowerPoint plug-in or select
“Save As Adobe PDF” to create your PDF.

o If you do not have Acrobat Pro, click “Save As” and select “PDF” from the Save As type menu.

Click the “Options” button in the Save As window and make sure to check the box to enable
accessibility tags. Look for text that says “Document structure tags for accessibility” or “Enable
accessibility and reflow with tagged Adobe PDF.”

Click “Save”.

Select “NO” if asked if you would like to convert the presentation’s speaker notes to text
annotations in the PDF.



After you create the PDF,

Scroll through the document and look at every page to ensure the PDF matches the PowerPoint file.

Look for missing items from charts, such as legends and axis titles, which sometimes disappear due to
incorrect object reordering that can result from the tagging process for accessibility.

If you do find issues that you’re not able to fix, a communications or publishing specialist at your
organization may be able to help. Or, you can contact to help troubleshoot the
PDF conversion.


mailto:VTAMR@ORAU.org

R&D Evaluation Criteria

All R&D posters follow the same content and design guidelines for reviewer scoring.

Criterion __________________________|Weigh

Relevance Adequate/Inadequate
Approach 25%

Technical accomplishments 50%

Collaborations and coordination with other institutions 12.5%

Proposed future research 12.5%

Resources Adequate/Inadequate

Consider these criteria and weights when creating your poster!



» Slide Titles: Except for the mandatory Title, Overview, and Summary slides, all slide titles and headings
should relate directly to the evaluation criteria.

* Key Results: The key take-home message for each results slide should be communicated as a banner,
header, or bullet.



Instructions for Specific Slides

* The following guidelines provide specific information on mandatory slides and the type of information
expected within the criteria guidelines.
* Your presentation should include:
 Title Slide (mandatory)
e Overview Slide (mandatory)

* Review Criterion Slides (mandatory, one or more slides as appropriate for each review
criterion)

e Summary Slide (mandatory)
* Technical Backup slides (optional)
* Reviewer-Only slides (optional)

* The following slides include:

(Guidance for constructing the specific slides and sections)
Example Slide (Examples are from previous AMR posters)




Title Slide

* Include:
o Project title
Name of the principal investigator
Name of the presenter if different from the principal investigator
Organization
Project ID# (which ORAU will provide to you)

Statement: “This presentation does not contain any proprietary, confidential, or otherwise
restricted information.”

O O O O O



Instruction for all posters,
unless otherwise noted

2023 DOE Vehicle Technologies Office
Annual Merit Review
Presentation

(replace with your title)

P. I. Name (always include)
Presenter Name (if not the P.I.)
Organization

Date Project ID #

(this will be provided to you)

This presentation does not contain any proprietary, confidential, or otherwise restricted information




Title Slide

H UeSt Graphene -Enriched Hierarchical Polymer Additives Derived From Natural Gas
uest Vanguard, Inc., Pittsburgh, PA | DE-SC0021767 | MAT255

Graphene-enriched hierarchical polymer

Pl: George Skoptsoy.
H Quest Vanguard, Inc.

additives derived from natural gas

June 22, 2022

DOE Vehicle Technologies Office Annual Merit Review (AMR)

i

Technical Approach

Koy idea: Rapidly process chopped recycled carbon fiber in @
microwave plasma reactor to improve intesfacial strength in
low-cost thermoplastic compostes.

Process: Thermochemical process first etches and roughens
the fiver surface and then deposits high-surface arsa camons
hybridized with crumpled graphene sheets

Impact: Targeted tesile strengh improvemments of 70%-100%
would o
meet price. performance requrements of automative ndustry

plasma: rapid process

+ Rapid volumetric heating
Continuous, High-theoughput processing
Instant start-up/shut. down
No process CO, emissions. "
Flexibility in feedstocks and products
Compact, low-capital deployment

Summary

Fraphene-

strength metrics in kow-cost thermoplastic fesins.

Mgher alkanes)

ranoaddtae,

Uelie o1 o

processing ($0.25/%g before cost of equpment).

whridiing
thave of sizngs or nanapatichs idditives.

thermagiiat

industry,

Overview
Timeline and Budget

Project start date:  08/04/2021
06/23/2022

Project end date:

laterial Technical Team Technical Targets:

* 50% mass reduction @ equal affordability (stretch objective long-term)
* USDRIVE Target 2025* — 25% weight reduction (Glider) < $5/1b

Partners and Collaborations

Project Lead: H Quest Vanguard, Inc.

Coltaborator/Sub: Penn State University

Dr. Randy Vander Wal

Vs
oy LR

Pl: George Skoptsov

Gues!

\4‘68

c s st - s
In-kind support:

Accomplishmenf]

surface, separating filament|
gently etching them, and
depositing nanoscale high-
surface area carbon struct
with graphenic components

‘Overall, the process i
carbon fiber surface area b}
‘as measured by BET.

Future Scope Exp

Improve circularity of automag
Microwave plasma treatment tqj
carbon blacks (rCBs) by remo

Recycled carbon blacks (a
pelymers, process aids, a

are recoverad after pyrolys
of-life tires compounds.

Tire pyrolysis changes the

chemistry of the original c4
black, reducing reinforcem|
properties. Today, rCB can|
replace virgin carbon blacy

Carbion Conversions, Inc. (provided somples of rCF)

Barrsers and Techuical Targeis
3 T Bt Easgy (DO Vallickss g

Examples

Relevance

Objective
Enable mass production of low-cost e
a

Innovations

7apid (< 5 sec) upgrading of
chopped carbon fiber via separation, etching, and
decaratian in  single micrawave plasma process.
*+ Demanstrated apphcability to other sokd carbon
materials, .. upgrading of carbon black from tire
recycling processes.

Impacts

Interfacial strength increase for the chopped recycled

ey
| e T o carbon fibers.
i 8 for—y
i ——

* Stroager low-cost compression-molded composite parts.
LA = 2 =

« Applicability 1o 3 broad range of carbio materials
encaurages circularity and waste reduction in the
automotive Industry.

Integrated Self-Sufficient Structurally Integrated Multifunctional Sensors for Autonomous Vehicles

Pl & Presenter - Amrita Kumar, PhD. ject I mat212

Presented at
2022 DOE Vehicle Technologies Office Annual Merit Review (AMR). June 21, 2022
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ow S
Mandatory Overview Slide

* Please prepare an Overview slide formatted and containing the information per the following slide:

O
O
O

Timeline (please confirm dates with your DOE HQ/NETL manager(s))
Budget (please confirm values with your DOE HQ/NETL manager(s))

Barriers (please list up to three technical barriers and technical targets from the most recent
U.S. DRIVE Roadmap addressed by your project to be found at:
https://www.energy.gov/eere/vehicles/us-drive-partnership-plan-roadmaps-and-
accomplishments. MAT presenters should use the Light-Duty Workshop Final Report at
https://www1l.eere.energy.gov/vehiclesandfuels/pdfs/wr Idvehicles.pdf as their guide. If you
don’t see a report on your subject matter, please contact the relevant Technology Manager.

Partners


https://www.energy.gov/eere/vehicles/us-drive-partnership-plan-roadmaps-and-accomplishments
https://www1.eere.energy.gov/vehiclesandfuels/pdfs/wr_ldvehicles.pdf

Overview

Timeline

Project start date
Project end date
Percent complete

Budget
Total project funding
o DOE share

o Contractor share
Funding for FY 2022
Funding for FY 2023 (if available)

Instruction

Barriers and Technical Targets

List up to three technical barriers and technical targets
from the most recent U.S. DRIVE Roadmap relevant to
your project. For a list of roadmaps by subprogram,
please see the link below:
https://www.energy.gov/eere/vehicles/us-drive-
partnership-plan-roadmaps-and-accomplishments

If you don’t see a report on your subject matter, please
contact the relevant Technology Manager.

Partners

e Interactions/collaborations
e Project lead


https://www.energy.gov/eere/vehicles/us-drive-partnership-plan-roadmaps-and-accomplishments

Overview

Timeline

« Start date: Aug 23, 2021
» End date: Aug 22, 2023
* Project complete: 30%

Budget
« DOE SBIR FY2021: $1.1M

Partners

—
NEWPORT

Sensors

Barriers and Technical Targets

+ High fiber cost and difficulty in damage
inspection hinder wide deployment of
lightweight CFRP composites for
reducing vehicle GHG emission

(Light-Duty Vehicles Technical Requirements and
Gaps for Lightweight and Propulsion Materials
Workshop Report, February 2013)

« Subcontractor: University of North Texas

* Project Lead: Newport Sensors, Inc.

OVERVIEW

Timealine

Budget

Barrlers addressed

Project starl date: October 2018
Project &nd dale: Sepbember 2004
Parcer! complele: 70%

Talal praject funding: 51,000,000

U.E. Department of Energy (DOE) share:
1,000,000

Funding for FY 2021: 3250,000
Funding for FY 2022: 3250000

Cosl, povesr density, and lifetime.

Overview Slide

Examples

OVERVIEW

Timeling.

+ Project start date: Gciaber 2018

+ Project end dale: Seplember 2024

+ Percen complsie: 70%

Budgat

- Totsl project funding: $1.000,000

+ US. Depariment of Energy (DOE) share:
51000000

+ Funding for FY 2021: $250,000

+ Funding for FY 2022 3250.000

Bariers addressed

+ Cost, paver densty, and lfetime.

—_———————

ject is part ef the Electric Orive Technalogies

2015 targets) [1]
+ Motor 2x increass in iietime [1]

APPROACH

ric Drive Technolegies Consortium Team Members

Electric Motor Thermal Management -23, 2022~ :

PI: Kevin Bennion (National Renewable Energy Laboratory), Team: Emily Cousineau, Doug DeVoto, Xuhui Feng, Bidzina Kekelia, Jeff Tomerlin (NREL); Mostak Mohammad (ORNL); ver

Anderson (Ames Laboratory): Todd Menson (SNL); Yogendra Joshi, Satish Kumar (Georgia Institute of Technology); Bulent Sarlioglu, Thomas Jahns (University of Wisconsin-Madisen)
——————————— ]

COLLABORATION AND COORDINATION

Material and mn-oa Thermal and Mechanical

June 21-23, 2022 - Project ID: ELT214

FUTURE WORK

- I collaboraion with ORNL, bud prototype heal

exchanger i verly expectad coning perbemance
i relslicn in the nonhemvy.rare-earth_ high-spesd
ORNL

mechanical snd thermal messurements of

motars
* o seportof L pepare o mecharcl psperty
ple.

+ Cofaboration with Ames Laboratory (ELTZ15, EL
siectic

Motor System Thermal Analysis Support
+ Colaboration with University of Wisconsin (ELT243), wilh NREL
providing techeical support, thermal data, and materil information 16
Support nlegraled cooling o malor and power eiecionica.
*+ Golabortion i Guorga intute of Technology ELTZS1 . win
NREL geomelry data.
data, e NREL Iaberstory sccess o shudents fo evalustons of
adheanced coviing impacts
Ridge National L ¥ lo suppert ot
i design ked

ACCOMPLISHMENTS AND PROGRESS

« Moor
targets) [1]

[1] US. DRIVE. 3017. Elactrical snd Elsckronics

Technical Tearm Rosdmap

nips:

ACKNOWLEDGMENTS
Susan Regers, US. Departmen of Energy.
For more Information, contact:

Laboratories (ELT216)
« Completed measurements of
it wih i meksiog ok ekl
o xparinarta whp shomng hochange
Fesalls witin 85 percen

‘Sample from SNL undergaing thermal measurement. Photo by Emily Cousineau, NREL (left).
Camparison thermal

conductivity

3 eif

by ORNL (ELT212)
Casberation with Keysione 3 project areas ot ORNL (ELT221) and
NREL (ELT217).

Collaboration with Oak Ridge National
Laboratory (ELT212)

~ Thermal design shown 1o

by matesial nneaicns

* Spport G e o Tecockogy o o

Iy oot o moto s powes lechopios.
Anypropesea s w1 suect 1 cangenasecon
Hatiog ke

SUMMARY
ApproachiStrategy

+ Supports research enabling compact rekable, low:
o4, an effcient slectic machines akgned wih

i
evaluaion, and maerial measurements on resied

temperaiuse requirsment

+ Collaborate with uriversiy perters inchud)
Geurge Iatfute o Fechnckogy and Universdly of

Technieal Accomplishments

+ MREL i SNL o suppert

echarical and ermal measurements of new
aa

. sesign suppor fo sectic
m:d\mdwlpcnuxl:d By ORNL.

Collaborations

+ Cak Ridge Naonal Laboratory (ORML)

+ Ames Laboratery

+ Sandis Naseral Laborateries (SNL)

+ Georga Insiute of Technslogy

+ Univarsity of Wisconsin Madison




Instruction

e Relevance counts for 10% of your total project score.
e The title of these slides should make it clear that they are your project’s Relevance.

e |Information to include:

o Describe the objective of your project and what you were to achieve over the past year in the
work covered by your presentation.

o Clearly show how your project relates to the pertinent VTO subprogram area and how it will
achieve the goals of that area (refer to the subprogram Annual Progress Report goals linked on

the next page).
o Explain how your project will be relevant to
= Reduction of energy costs
" |ncreased energy security
= Clean energy technology to move people and goods

o Describe the impact of your project on addressing the barriers identified in the Overview slide
and other specific targets and milestones.




Relevance (Continued)
VTO Subprogram Goals

LINKS TO 2021 SUBPROGRAM ANNUAL REPORTS

e Advanced Engine and Fuel Technologies

e Analysis
e Batteries

e Electrification

e Energy Efficient Mobility Systems

e Materials

Instruction



https://www.energy.gov/eere/vehicles/articles/2021-advanced-engine-and-fuel-technologies-annual-progress-report
https://www.energy.gov/eere/vehicles/articles/2021-analysis-annual-progress-report
https://www1.eere.energy.gov/vehiclesandfuels/downloads/VTO_2021_APR_BATTERIES_v8_compliant.pdf
https://www.energy.gov/eere/vehicles/articles/2021-electrification-annual-progress-report
https://www.energy.gov/eere/vehicles/articles/2021-energy-efficient-mobility-systems-annual-progress-report
https://www1.eere.energy.gov/vehiclesandfuels/downloads/VTO_2021_Materials_Consolidated_Report_FINAL_2022-09-14_compliant_v2.pdf

Argonne “

NATIONAL LABORATORY

Timeline
« Start: October 1,2014
« Finish: September 30, 2023

Budget
* FY22 - $800K
* 100% DOE-EERE-VTO
* Partners: MERF, EADL, APS, CNM, PTF,
universities, and industries
Barriers
« Development of PHEV and EV batteries that meet or exceed DOE/USABC goals ~

« Transition new high energy battery chemistries invented in research

Multi-functional Coater Installed in Dry Room

Coating system greatly enhances adaptability
for coating various materials.

“Hybrid ceramic
polymer electrolyte
composite membrane

*Promising Next-Gen
anodes and cathodes

+Solid-state electrolyte
materials

“Traditional energy
storage materials

laboratories to industrial production through
analysis in prototype cell formats.
+ 03450 & xx6395 pouch cells; ranging from 20 to 3,000 mAh capacity.

o, ) =
« Researchers are often not able to provide the quantities of novel materials
needed to make a full-size EV cell to demonstrate the merits of their
discoveries. The CAMP Facility is specifically designed to explore new
‘materials with quantities as small as 50 grams for active materials, and
even less for electrode/electrolyte additives.

alidation and

made
+Coin cells are made and tested

Multi-functional Coater
Demonstrated High Quality Coatings During Factory Acceptance
23 mAh/cm? at 0.5 m/min using
the slot die coating head
Verified functionality of:
« Interchangeable coating
heads

« IR rying system
* Corona treatment
« Progressive cavity pump.

the gravure coating.

coating head system
El mi inj
Produced >10 meters of electrode-ceramic films
(1 to 3 mAh/cm?) using roll-to-roll Coater

“AIBN added to the PE (initiator)

~Obtained well dispersed slurries with PE (diluted with NMP) .

“Uniform films were applied to the carbon-coated Al (cc-Al foil via See
reverse comma coating method. BAT028

*Polymerization was initiated during 5-minute heat-treatment;
final curing step was completed in a convection oven.

X: M { uantify Els Expansion
Developed X-ray methodologies to quantify electrode expansion in NMC811/L cells

~During charge Li*ions are deposited on
the Ui, which expands and pushes the
NMC811 cathode against the spring.
“During discharge, Li*ions are stripped
from L, releasing pressure on the
spring. C
*NMCB11 and PE edges move together |
indicating that the separatorisnot £
compressed. The movement i solely
because of expansion and contraction
of the Li metal.

~Evaluated in 1.5 Ah pouch cells.

“5V spinel electrodes with single wall carbon

“| Earth-Abundant Cathode Active Materials (EaCAM)

ELECTRODE PROTOTYPING ACTIVITIES IN ANL S CELL ANI\LVSIS MODFLING AND PROTOTYPING (CAMP) FACILITY

Project ID: BAT03(

Materials for Di Supply Chains and

LiNiq oM 55C0,.:0; (MERF & nncq
~Produced high quality slurry

dispersion using high pH LNO-based
oxide powder by mitigating gelation

using slow order of addition process
and temperature control

see BAT167, BAT251,
| BAT252,BAT253
LiMn, ;Ni,O, (commercial)

Full Cell Impedance Performance

== 5wk Timeal C45
5 wath Saivay 5130 PVDF Binder

LiFePO, (MERF) |see BATA70.

o 04
ot Cosong Loasng: 18,88 gt
as Gosang Deray. 204 e
AvealCapacky: 261 mance? 1
M by Ca Fachty

nanotubes (SWCNT) show lower cell impedance
|see BAT252|

~60% Mn, Co-free baseline powder for

84wtk LMRAM
8wtk Timcal C45

""‘ﬁ"’*”’;:" e 30 mAh pouch cells
Tot Gostng Loadeg: 1115 e (LFP//Gr) assembled and
DRaeh e testing stll in progress

St 100 43 vom )

* Developed methods 10 coat electrode ceramic tructure oating wih roll ool
reverse comma coater in the dry room and produced >10 meters of the:
advanced films with loading targets ranging from 1 to 3 mAh/c
« Installed the multifunctional coater in the CAMP Facility dry room.
* Studied X-ray to quantify in NMC811/i cells
« Provided advanced prototype electrodes in the Electrode Library by producing
>100 meters of anodes and cathodes (baseline and novel materials) in support of
various DO battery programs.
1,807 sheets (FY21) 923 sheets (FY22 as of April 2022)
« Produced high quality electrodes using LINi0.90Mn0.05C00.0502 powder by
mitigating gelation and produced 1.5 Ah pouch cells.
« Produced electrodes using powders relevant to domestic supply chain and
environmental sustainability, pw\ndeﬂ by RNGC (LMR-NM) and MERF (LFP).
« Supplied numerous experimental electrodes and cells to DOE programs.
247 cells (Fv21) 146 cells (FY22 as of April 2022)

*  Transition new high energy battery chemistries invented in research
laboratories to industrial production through independent validation and
analysis in prototype cell formats.

= ¥x3450 & xx6395 pouch cells; ranging from 20 to 3,000 mah capacity.

et ) () - 2,

* Researchers are often not able to provide the quantities of novel materials
needed to make a full-size EV cell to demonstrate the merits of their
discoveries. The CAMP Facility is specifically designed to explore new
materials with quantities as small as 50 grams for active materials, and
aven less for electrode/electrolyte additives.

Relevance

Slide Examples

Relevance
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* Cost and safety are still the main drivers in the development of EV batteries, Mn-rich oxides offer advantages in both

« Technoeconomic modeling (above, left) shows that Mn-rich electrodes have the potential to reach cost parity with state-

Data from 5. Ahmed et al., J. of Power Sources 403, 56 (2018)

BEV 60 kWh, 300 kW
ASI= 12 Qecm® @ 20% SOC
~4.4V vs, Grahite UCV

i

NMC-111

NCA

NMC-622 NMC-811

of-the-art NMC-811 in terms of pack-level cost

* Work from this project (above, right) has demonstrated that Mn-rich electrodes can achieve similar performance to their
NMC counterparts

900
850
,% 800
750

Energy (Wh/kg,,

i h
o W
L= =]

@
L >lst cycle 4.6-2.5V (C/15)
O

_8014

| 4.45-25V o)
15mA/g charging
r30°C

1* cyele 4.6-2.0V, electrode loadings ~5-6 mg/cm’
L L L I L L

@ L[Ls-352
O NMC-532
C/3 Energy
9.74

L .O

250 500 750 1000
Rate (mA/g)

1250 1500

* Importantly, Mn-rich compositions can be made with little to no cobalt while maintaining performance




.
Milestones

* Milestones may be presented in a separate slide directly before the Approach section or included as
part of the Approach section.

* Include milestones and go/no-go decision points for FY 2023 and FY 2024.



%OAK s UNIVERSITYor Transportation Energy Evolution Modeling (TEEM) Program
FRIDGE TENNEbiE\E P,r Oak Ridge National Laboratory: Zhenhong Lin (P1), Shigi (Shawn) Ou, Wan Li, Zulgarnain Khattak
i ” e University of Tennessee: David Greene, Ben Leard, Janet Hopson, Robert Gibson Project #: van021

Truck-Choice Model . _Decarbonization Strategy in the U.S. LDV % REVISE-II: Corridor Charging I%
g | 20 (REVISE-

OlProject Objectives 0 MAST-TruekChoice: Model Structure ‘0 Vehide Electification toward Net Zero — What's Lacking?

Updated REVISE-Il Model Summary

T gos of the TEEM project i 1o prowide 3 sule of sales dyramics modets 10 s
concmic exakiation of VIO technloges. Understanding technology impacts
ndersancing of maret resporse. Modeing endogenous 3dop

tochology RAD nesds and Impacts. By 2pohing estabkhed decson science

techology RaD acttes.
e evlopment oyectves of these models nclude the fllowing:

Py, s ke

shared mabity an conrected and automated venicie
resesrch.

time o conider how 10 decg purchase Inceives for ZEV trucks

reducton, fca burder o

rcentues.

Improve Equity of FE with SAFs e
a v [———| »
Py e BREVO: Charging Impacts on Battery
o) QEREVD:BatiryRur-dow under St Vene peraion Viogel eS|

pourning o poteniialransportaton enery ecusty concerns.
2 Ovjectives

RERRERE)

§ ommocommin
Thac i

e pol

ah

0 Organization of TEEM research activities

- o— EEEEEEE

Sul of lishments

0 The ORNL TEEM project includes several models useful for analyss of
i . MAST-Used,

issues: MAIT,

Transithto, REVISE, BREVO, MAST-MobiltyChoce, etc.
QThe TEEM team has published 6 journal artices during FY21-22.
2t TEEM.ORNLGOV.

WNES O ES

Example Slides

Milestones

=
NEWPORT

sensors

I FY22 Milestones

MMAIT-TruckChoice progress report: describing modied 12/31/2021 Commp et
development and scenarka resuits

AT progress report an niet-1ero shrabegy anadysic for the lght- oz/31/2022 Comalete
duty vefikcle market

Improving effectiveness and eguity of fuel sconomy regulations 05/30/2022  On schedule
[y recogni Iing vk uwnage heterogeneity in MAST

TEEM misdels progress report including work an MA3T, MAZST- o9/30/2022 Om schedule
TruckChoice and MAIT-used

Tasks Status
T1: Design Multifunctional SLIC System On schedule
T2: Development of Self-Powered Dual-Sensing Self-SHM System On schedule
2-1: Conductive Trace Sensor On schedule
2-2: Piezoelectric PYDF Sensor On schedule
2-3: Energy Harvester On schedule
T3: Design and Prototype SLIC Specimens On schedule
T4: Experimental Evaluation of Structural and SHM Performance On schedule
4-1: Tensile Test Complete
4-2: Bending Test On schedule

4-3: Impact Test

T5: Design, Prototype, Test, and Demonstrate a SLIC Bumper Beam

Today
Milestones: @ By Q4, the self-powered dual-sensing self-SHM system will complete.

@ By @86, the structural and SHM functionalities will be validated.

<&> By Q8, the SLIC bumper beam will be demonstrated.




Instruction

e Approach counts for 20% of your total project score.

* The title of your slides should make it clear that they are your project’s Approach.

* Describe overall Technical Approach:
o Emphasize unique aspects of your work and de-emphasize discussion of equipment used.
o Discuss how your work addresses the project’s technical barriers.

o Describe how your project is integrated with other research or deployment projects within the
pertinent VTO subprogram.

o Use simple statements so that scientists and engineers, not experts in your area, can readily
understand the explanation of your approach.

* Include the planned milestones and go/no-go decision points for FY 2023 and FY 2024 and current
status towards them (if not shown in a separate Milestone slide).




Approach Slide

p

Low-CosT RESIN TECHNOLOGY FOR THE RAPID MANUFACTURE OF HIGH-PERFORMANCE - |
FIBER REINFORCED COMPOSITES t
REINFORCED CoMPOSITE rimer

Project ID: mat216_/

Examples

APPROACH

Wound Field Synchronous Machines (WFSMs) Brushless Capacitive Power Transfer (CPT) Multiple Generations of WFSMs and CPT Systems

» Wound field synchronous machines have several attractive | - Brushless capacitive power lransfer uses bwo sels of = Three generations of WFSMs and three type of capacitive
features for use as electric vehicle traction motors rotating capacitors or electrodes in which an AC electric field power coupler (CPC) systems were developed

- Mo permanent magnels Is eetablished by a high frequency Inverter. * Increasing power density WFSMs with each generation

= Adisplacement current can flow through the airgap in the
- Easy fleld weakening, reduced iron losses at high speed » CPT systems developed Include journal bearings, printed
and high power factor thraugh field excitation eontral rotating capacitors which Is rectified on the rolor using a eireuil board (PCB) based integrated magnetic and

diode bridge.
- High power factor may allow the imserter KVA rating 1o be ;g::ﬂ::’:f’" and large gap PCB In single and three

reduced

achamcat roperie ey scead e ot s mkoes resos

|y

s e i | e | im | o
E—

- Cycle s xcends the DOE's 2050 go ot cyce e under 1 min

- . . : B Project ID: ELT092
ﬁ#f Wound§Field and Hybrid Synchronous Machines for Electric Vehicle o 2% 209
lLLlNO'%‘E?ECTFL'JLELOGY ction with Brushless Capacitive Rotor Field Excitation WISCONSIN
PI: lan Brown (lllinois Institute of Technology) prusmonseoeare
e
OVERVIEW Wound Field Synchronous Machines (WFSMs) Brushloss Capacitive Powor Transfer (CPT) Multiple Generations of WFSMs and CPT Systems
Timlina + Wound fied synchronous machines have several attractive | + Brushiess capaciive power transier uses wo sets of + Trvee generations of WFSMs and three type of capaciive [lj APProach/Strategy
- Project start data: Octobar 2017 features for use as siectric venici trastion motors. totaling capacilors or electrodes in which anAC electrc fiek]  power coupler (CPC) systems were developed + This project directy addressed the develpment
- Project end dale: September 2021 - No permanent magnets Is establshed by a high fraquency nverter + Increasing pouer density WF S with each generation af bigh performance siectc iracton moloss
+ Percent complete: 100% ~ Easy fleld weakening, reduced iron losses at high spead | * Adisplacement cument can flow through the 2irgap inthe | pT 4 ctems daveloped include printed . o ,..g
Budget 20 igh power facio g i skctaton con icatg capockors e el on o o ng 2 Rt boar (POE) based Iiegraed magnet and [ o
+ Total project funding: $1,112,707 ~ High power factor may allow the inverter kYA rating to be ;:a;":‘;:::f’ and large gap PCB in single and three: systems were developes
reduced - This projoct has st ht Sl i

+ U.S. Department of Energy (DOE) share: $050,752
brushless eapaciive fleld power ransfer ean

Barriers addressed
provide a high-pawer densiy and low-cost
e h e otors has ACCOMPLISHMENTS AND PROGRESS THIS BUDGET PERIOD b i
on lempersiure been resistant to reduction Construction of Generation Il WFSM Dynamometer ing of Generation Il Wound Field 2 J"""B of o Overall Technical
+ The rare earth permanent magnet market s Synchronous Machine with Brushes and Slip Rings  Synchronous Machine with Single Phase Large Gap
it o ad fhl e e e « The efficiency and power density of WFSMs is toa a great * Design and construetion of a generation |
w-costi high-perfornance sublectto significant price and supply valatilty extont determined by the stalor and field slo fils as hey are  + - PCB Capacitive Powar Coupler WFSM rotor with random wound field winding
. T"’m:x;;’:::zgﬂzm:m’: ohric loss dominaled was dynamometer lested at he University of Wiscansin - The same WFSM that was tested with brushes and sl\p + Design and construction of a generation Il
machines (IMs) increase the KVA raling and cosl of | * Three diferent high sil i field windings were dosignad e e oo ol e varars die compressed fie! winding
Huntaman Reichhols action inverters. using square conductors, twisted square conductors, and ~ Design of two generation Il WFSMs: one with
Trimur Dow ey AOC DION e compressed round magnet wires die compressed stator and field windings, and
- Technoiogier | Voss Arakdi VPR 1010 RELEVANCE .+ Anakpin winding satr rom a Chevy Vol was used as £is o nith it and High o et
atetisl Property 3s8s/ IPACT + This project developed cost effective wound field dificult and expensive lo prototype a hairpin winding Large gap single
ATM Rasin 300 BISA VE Pt e s e e + Construction of the generation Il WESM with
Aradur 3475 9102-73 excltation machines (HESMs) which meet DOE ware prototyged cunted on the hairpin stator and two high siot il field winding
USDRIVE performance and eost metics WESM varans: squae concucorand e sqare
+ The ultimate limi o the testing of the power capabllty of the
+ Removal of permanent magnets in the rolor + Development of  joumal beark v
Polymer m . Epoxy £pexy Varyl Ester | Viend Exter WESM prototype is the stator inverter which has a maximum 3 welopment of a joumnal bearing capacitive
e s atod curtent of ~230 A, The peak cumentof the WFSM = The Swtching frequancies of he GaN imverters wera ~1 6 power iznsier system
oo e svirio stator s ~427 A, MHz and ~7.1 MHZ respectively + Development of an Integrated magnetic and
iive power iransfer system based on
Glass Transition, Tg Dry r 10 + Only partialload points could be tested for comparkon with . e capen
ien, %y * N s i ” COLLABORATIONS ‘Square conductor rolor pole _Twsted square pole e element predictions. The results are very dase o i ;’:“ﬂ‘ﬂ d"’““r“ .
S = + Development of arge gap printed circut board
* University of Wisconsin-Madtson (Prof. Dan TasLe 2: PREDICTED AND MEASURED PERFORMANCE AT LOAD
Temile Strungth (MPa) 108 or s L 12 Ludois) - " capacilive poner ransfer system in single and
POINT 3 (2000 RPM) three phase variants
Teratle Modulus (GPs) a9 24 n 52 9 FUTURE WORK Torque | 1hase | 11 | P | par . D-~-‘v:m:’““c‘;*::;::‘n-dmmt&x“
N} | (Apeak] | {Ade] I S high frequency Gailium Nitice inverters for
+ This project has finished though many of the Ay s
ac  J 4 62 45 technologies inated in ths project continue 1o be LA peotoed | 100 |15 [ seo [ 05 Loves ] exciation in the capacilive power transfer
developed in DE-EE0D08868 Ao L‘f‘s‘m Y| usos | 13719 | o2 093 | 9382 Operation of the CPC at ~7.1 MHz and ~4 A fieid current_ systems —
sted square rotor P the Inverter output ! . J
a9 = = 91 1089 ACKNOWLEDGEMENTS & + Resuts near the current i of the stator inverter also s the Inverer output vl pin conirol ysioms for o capactive powse
CONTACTS Tanie 1 i Sounre shown in the screen capture of the pawer analyzar ransfer system
: Stoven Boyd, U.S. Department of Energy Tosd | Speed [Torque| Torque| 3, | 3, | Fawer| EN TABLE 3: PREDICTED Pk VOLUMETRIC POWER DENSITIES * sk corrar i ety yce
Plezurad Stramgth (MPa) 160 < S pTS ] prTY ovmy [ ipple | (A | (4 | Factor | (%) WO REN De | N REN D was created for impedance ransiormation to.
For more nformation, contact: mor®) | mm Output pawer. 77.5 k| et o match ek winding 1o ha igh raconcy
I Principal investigator L 126 | 7. ‘Speed: 4000 RPM etive Materal TTRWT 76 kW
Practure Toughness, Kx (MPa/m¥4) L0 1.2 ons os - Pk o Brown 3 Volume + Anew approach o the design of WFSHs using
Frone rE S s000 o 3 Volume Including THOEWT SoRwW mult-material, magneto-strustural topology
nd Tums optimization
|eP a2 23 %C) 200 A00 1000 1,300 12 51 + Paralll fux hytrid exchation machine

Vs Tamanoes O et s s 0 e ToE T




Instruction

Technical Accomplishments and Progress count for 40% of your total project score.

The title of these slides should make it clear that they are your project’s Technical
Accomplishments and Progress.

Each slide should include a summary “take-home” message, especially those that contain data.

Describe the most important technical accomplishments achieved during the reporting period and
their significance. Specifically, address last year’s reviewer comments regarding technical
accomplishments and progress as well as progress to date for new projects.

Include relevant data to support your accomplishments.

Relate the accomplishments to project milestones, barriers, objectives, and technical targets.

Benchmark the progress versus FY 2022 results, if applicable.



Technical Accomplishments and Progress
(Continued)

Include no more than one slide on previous accomplishments and CLEARLY indicate work previously
presented versus new work.

To assist the reviewers evaluating your work, please include bullet comments of the key points on
each slide.

Include sufficient slides to explain what was done leading to the technical accomplishments.

Though your presentation will be in color, it is best to choose colors and data symbols that can be
easily distinguished in black and white for those reviewers using hardcopies.
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Accomplishment

Slide Examples

Technical Accomplishments

Executive Summary:

O Demonstrated crack- and defect-free flexible graphite and NMC622 cathodes by freeze tape casting (FTC)
0 Tailored the aqueous slurry formulations to control the structure of the cathode

O Demonstrated 20% improvement in capacity under 5C and 10 min charging from graphite anodes

a the Li* ion in hybrid solid state electrolytes based on Al-LLZO

O Study the polymer electrolyte A-LLZO interface

O Correlated the ism with the

O Investigated the electrochemical stability of LITFSI vs LFSI

0 Designed principles to synthesize electrolytes with tailored properties

and in capacity

R

e

Vs s o» s o ox
e

CIllew.  Thebilayer graphite anode demonstrated
4 excellent mechanical integrity, shorter
diffusion length, ~20% improvement in
: capacity under SC charging and 10 min total
* = m s o= = = = = = charging time, and improved cycle life.

*  Vertical channels were formed in the
NMC622 cathode

*  Large void space in the channels

* Denser and more durable structured
cathodes enabled by tailoring the
water content of the slurry
formulation

oxide) filled with Al-doped Li,La,2r,0,, platelets

Cubic phase Al-LLZO platelets

Intensity (a..)

10 15 20 25 30 35 40 45 S0 55 60

20 (degree)

Platelet Al-LLZO

O Better against dendrite formation
- g O Good adsorption of the polymer electrolyte O U salts: LTFSI, LiFSI
ls——nr= O PEO, LIFTSI, LiFs! dissolved in
acetonitrile (ACN) or other solvents

Optimize formulation and processing
s

"

. 200 - r:E‘
& E
g " g
< I
i = \ L] ~N

- L]

Increasing primary
[ particle size
25 a0 a5 4.0 a5 o o
] 20 40 &0 80 100
oo ) e 0 500 1000 . 1500 2000
(% Z,, (Qcm?)

Green region — standard, high-voltage, layered type sites — mostly unaffected by voltage fade retaining fast Li ion
transport throughout cycling

- very narrow voltage/SOC range where ASI becomes substantial as high-voltage sites are filled,
leaving mostly low voltage/disordered sites (‘layered component’ has slow kinetics as it nears full lithiation)

Red region - At higher rates, Li insertion into these is sites becomes very limited

The activated electrode may be thought of as a percolating network of high-voltage sites with fast Li-ion diffusion —
throughout this network are local regions of disordered, low-voltage sites with poor Li diffusion properties

In addition to local phenomena, primary/secondary morphology influence impedance — synthesis is critical




Instruction

Responses to Previous Year Reviewers’ Comments

e AllVTO AMR reports are posted on the VTO website along with Annual Progress Reports at
https://www.energy.gov/eere/vehicles/annual-progress-reports.

e Last year’s presentations can be found at: https://www.energy.gov/eere/vehicles/annual-merit-
review-presentations.

e |If your project was not reviewed last year, please indicate as such on the slide.


https://www.energy.gov/eere/vehicles/annual-progress-reports
https://www.energy.gov/eere/vehicles/annual-merit-review-presentations

Reviewer Comment

DISTRIBUTIONS OF REAL-WORLD VEHICLE TRAVEL Project ID: VANO36

VTO Annual Merit Review, June 22, 2022

Slide Examples

PROJECT OVERVIEW TECHNICAL ACCOMPLISHMENTS: VAT DISTRIBUTIONS AND TCO MILESTONES SINCE LAST ANNUAL MERIT REVIEW
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([ T R R SRR T e oo e arosor, [— RESPONSES TO REVIEWER FEEDBACK
S 2 e e o y s s s l ST S * Fieviewens noted the potential lack of data for MHDV. Data has been acquired from CalTrans
- ittt sl e S % : - for use In future research projects.
= s = Feviewers noted potential dificulties in finding operatonal and ownership data for LDV, For
3 WMT data, this continues 1o be difficult, but ANL has since acquired detalled registration data
- = - to better undersiand vehicle age distibutions at a finer geographic level.

o o ower
e atens (g 401, b e

* Fieviewens noted clear connections of this research with other WTO-sgansored research, but
requested deaper connectons with specific resaarchers acroas the laboratony system 1o help
sirengthen the ressarch.

= Reviewens noted the interest in broader pulblications. Results were intendad bo be shared at
TREB Anrual Meeting in January 2022, but paper was withdrawn due 1o travel resticbons.
Pubbcation and dissemination of resulls continues to be a high priority.
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Responses to Previous Year Reviewers’ Comments  sensors
Responses to Previous Year Reviewers’ Comments
“The impact or other damage sensing needs to be demonstrated using an automotive CFRP to be
relevant or, alternatively, the sensing technology could be pursued as a coating or thin layer to be
applied to automotive composites to track impact. In that case, it does not need to be composed of
CF itself, as CF on the vehicle is for mechanical reinforcement, not for use as electrodes.” This program was not reviewed last year
* We modified our approach for PVDF film to be applied on the CFRP surface for easier integration
into automotive parts

+ We still use the CF as the electrode for the purpose of signal ground which should not have any
obstacle

“It was not clear to the reviewer if the sensing is a damage detection or an impact detection. The
reviewer asked about how the signals differ between an impact without causing damage and an

impact with damage. Also, it is not clear if the capacitor circuit and the high pass filter circuit are

embedded in the composite structure or they are separate from the composite.”

« The piezoelectric sensor can detect initiation of microcracks of the composites.

* We added conductive trace sensor for strain measurement and surface crack detection which
further enhances the damage detection functionality.

« All circuits will be separated from the composite




Collaboration and Coordination with

Other Institutions

* Collaborations and Coordination with Other Institutions count for 10% of your total project score.

* The title of these slides should make it clear that they are your Collaborations and Coordination with
Other Institutions.

e List your project collaborators, indicating:
o Relationship (for example, prime, sub, etc.)
o Industry, university, National Laboratory
o Within or outside VTO
o Extent of the collaboration

* Describe the quality of collaborative relationships and their importance in achieving the project’s
objectives.



Collaboration NENESHT
\‘]NT University of North Texas (Sub)

wween - (Prof. Sheldon Shi)
* Hemp/Epoxy Composite Panel
Fabrication
* Tensile Test: ASTM D3039
» Bending Test: ASTM D7264
* Impact Test: ASTM D6110

Hemp Fiber Mat Wabash Genesis
Hydraulic Hot Press

Hemp Fiber
Infused with Epoxy

Releas
Film
Resin -0

Intake = Outtake

Platen Tope

Vacuum
Bag

Vacuum Assisted Resin Infusion
(VARI) with Pressing

Shimadzu AGSX AMETEK Impact Testing Machine

Collaboration and Coordination with Other
Institutions

Collaborators (Phase )

+  Stanford University (Phase If)
Under an ARPA-E funded project. Stanford is developing “Multifunctional Energy-Storage
Composites (MESC)” for the energy efficient design of light-weight electric vehicles. The focus of

the ARPA-E program is on development for aireraft platforms. Stanford is collaborating with
Acellent to develop and test the BMS system for automobiles.

+  Ford Motor Company (Phase [f and bevond)

Ford will work with Acellent in Phase I to provide bumpers. test car, coupon testing in selected
environmental conditions specific to cars and guidance during the project.

Collaboration

Slide Examples

Integrated Self-Sufficient Structurally Integrated Multifunctional Sensors for Autonomous Vehicles

Acellent Technologies Inc.
I & Presenter : Amrita Kumar, Ph.D. Project ID: ma)2

Presented at
2022 DOE Vehicle Technologies Office Annual Merit Review (AMR), June 21, 2022




Remaining Challenges and Barriers

* Highlight the key remaining challenges and barriers to meeting the project objectives.

* The remaining challenges and barriers should provide justification and support for the future plansin
the following slide.
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Barriers and Challenges

Slide Examples

REMAINING CHALLENGES AND BARRIERS

= High energy active material identification and acquisition remain a
challenge.
— Existing commercial active materials can't meet or exceed DOE/USABC
goals.
— Getting access to advanced active materials is not always successful.
= As a benchmarking activity, the focus of this work is to validate the
performance of cell materials (inciuding electrochemical and thermal
properties).
— Research efforts between the validation and research needs to be
balanced.

Remaining Challenges and Barriers

It is difficult to experimentally confirm the conductivity of novel materials due to the difficulties in
finding procedures to create densified pellets on which impedance spectroscopy can be performed.
For each material the high temperature stability has to be tested and sintering optimization has to be
performed

We still need to experimentally investigate electrochemical stability for some of the materialss




Proposed Future Research

Proposed Future Research counts for 10% of your total project score.
The title of this slide should make it clear that the slide shows your Proposed Future Research.

Explain what you plan to do during the rest of this year (FY 2023) and next year (FY 2024). Provide
justification for future plans.

Add the statement to all slides with future-looking statements, “Any proposed future work is subject
to change based on funding levels.”

Be as specific as possible; avoid blanket statements.
Highlight upcoming key milestones.

Address how you will deal with any future decision points during that time and any remaining issues
or barriers, including any alternative development pathways under consideration to mitigate risk of
not achieving milestones.
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Overview Relevance
P Gaorga Sopesor Timeline and Budget Objective
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Accomplishments

. | B Conirol over gas feeds and
N plasma allows tuning the
density of high-structure
\ carbon deposition on the
carbon fiber surface.

Scale-up the microwave plasma treatment system and process
Incroase capaci to>1kg

Tests with thermoplastic
polymers (HDPE) are
ongoing; preliminary

results indicate that the
gained interfacial strength
exceeds tensile strength
of the filaments

Future Steps

Summary Future Scope Expansion

Recycled carbon blacks (along with
polymers, process aios, and filers)
er py -

Scale-up compo
Syst

stematic
repeatabilty/consistency at lab scales (>1 ko) across m
Tt o o Tire pyrolysis changes the surface. fow-cost thermoplastics (HOPE, Nylon. etc
chemistry of the original carbon ey b
black, e
properties. Tocay, rCB cannot Pilots with carbon fiber and composite companies.
replace virgin carbon blacks. Secura tal ion paths
Contract revenues and RED synergies:

Future Work

Slide Examples

Future Scope Expansion

Improve circularity of automotive tires,
Microwave plasma treatment to restore the reinforcement properties of recycled

Tiras

Recycled carbon blacks (along with
polymers, process aids, and fillers) Carbon black
are recovered after pyrolysis of end- remnants
of-life tires compounds. %
Tire pyrolysis changes the surface
chemistry of the original carbon Fecsomd Fullanzed
black, reducing reinforcement bisch "
properties. Today, rCB cannot
replace virgin carbon blacks. ..

process fo ncresse

surface ares and boost

Tunchionalzation.

carbon blacks (rCBs) by removal of polymer remnants and surface functionalization.

Proposed Future Work

Experimentally investigate predicted conductivity for the novel conductors by creating
densified pellets whenever possible

Investigate optimal carrier doping for the novel conductors
Investigate electrochemical and chemical stability of novel conductors

Develop (with Mary Scott) local microprobe technique to assess Li-ion conductivity at an
earlier stage in the development process.

“Any proposed future work is subject to changes based an funding levels.”




Mandatory Summary Slide

 Summarize the key points you wish the reviewers and the audience to take away from your
presentation.

* For those projects that are working toward specific technical targets, include a Summary Table
summarizing key technical results to date in FY 2023 compared to FY 2022 results and the technical
targets.




Argonne

NATIONAL LABORATORY

Timeline Budget
« Start: October 1, 2014 « FY22- $800K
* Finish: September 30, 2023

* 100% DOE-EERE-VTO

« Partners: MERF, EADL, APS, CNM, PTF,
universities, and industries

Barriers

* Development of PHEV and EV batteries that meet or exceed DOE/USABC goals ~
safety, cost-effective, sustainable, and has long cycle life

« Transition new high energy battery chemistries invented in research
Iaboratories to industrial production through independent validation and
analysis in prototype cell formats.

* %3450 & xx6395 pouch cells; ranging from 20 to 3,000 mAh capacity.

e ) () )

* Researchers are often not able to provide the quantities of novel materials
needed to make a full-size EV cell to demonstrate the merits of their
discoveries. The CAMP Facility is specifically designed to explore new
materials il as 50 grams for , and
even less for electrode/electrolyte additives.

made
~Coin cet are made and tested

Multi-functional Coater
Demonstrated High Quality Coatings During Factory Acceptance Test

23 mAh/cm’ at 0.5 m/min using Uniform thin coatings using
the slot die coating head the gravure coating head.

Verified functionality of:
* Interchangeable coating
eads

« R drying system
* Corona treatment
« Progressive cavity pump

P
Graphite ALO, W/
slurry on PVDF on
per foil substrate

ELECTRODE PROTOTYPING ACTIVITIES IN ANL'S CELL ANALYSI

Multi-functional Coater Installed in Dry Room

Coating system greatly enhances adaptability
for coating various materials

*Hybrid ceramic
polymer electrolyte
composite membrane

+Promising Next-Gen
anodes and cathodes

+Solid-state electrolyte
materials

+Traditional energy

nced interchangeable  S10728€ materials

coating head system
Electrode-Ceramic Structure Coatinj

Produced >10 meters of electrode-ceramic films
(1 to 3 mAh/cm?) using roll-to-roll Coater

“AIBN added to the PE (initiator)

S, MODELING AND PROTOTYPING (CAMP) FACILITY

Materials for Diversifying Suj Chains and Increasing Sustainabili

=2 A

Lilig Mg 0;C04 0,0, (MERF & RNGC)

+Produced high quality slurry
dispersion using high pH LNO-based
‘oxide powder by mitigating gelation
using slow order of addition process
and temperature control

*Evaluated in 1.5 Ah pouch cells.

see BAT167, BAT251,
BAT252, BAT253

LiMn, 5Nig 0, (commercial)
Full Cell Impedance Performance

+5V spinel electrodes with single wall carbon

nanotubes (SWCNT) show lower cell impedance

see BAT252

~60% Mn, Co-free baseline powder for

Earth-Abundant Cathode Active Materials (EaCAM)

Bt Timcal C-45

+Obtained jurries with PE (di NMP)
“Uniform films were applied to the carbon-coated Al (cc-Al) foil via See o e i’
reverse comma coating method. BAT028 e c...,"“"‘“p.;‘.;?r“g.‘,”:’x

ization was ini S-minute
final curing step was completed in a convection oven.

X-ray Methodologies to Qual Electrode Expansion
Developed X-ray methodologies to quantify electrode expansion in NMCB11/Li cells

“During charge Li*ions are deposited on — : =
the L, which expands and pushes the e § -
NMC811 cathode against the spring. e i )

During discharge, Li* ions are stripped i 1 .
from L, releasing pressure on the of Tl | -
spring. - o

“NMC811 and PE edges move together om I\J\?
indicating that the separator is not Y WA s
compressed. The movementis solely 1 .
because of expansion and contraction
of the Li metal. e

]

per cycle, or 34 um for 3 cycles!

3¢ mang 30045 Vi ties]

Developed methods to coat electrode-ceramic structure coating with roll-to-roll
i 10 met es

Project ID: BAT030

LiFePO, (MERF) |see BATA70|

90 wite LD (made by MERS)
5wtk Timcal C45

e 18Cycn2

o
+30 mAh pouch cells
(LFP//Gr) assembled and
testing stil in progress

advanced films with loading targets rangi

Installed the multifunctional coater in the CAMP Facility dry room.

ing from 1 to 3 mAR/cm?.

Studied X-ray ion in NMC811/Li cells.
Provided advanced prototype electrodes in the Electrode Library by producing
>100 meters of (baseline and novel materials)

various DOE battery programs.

1,807 sheets (FY21)

Produced high quality electrodes using LiNi0.90Mn0.05C00.0502 powder by
i ion and produced 1

923 sheets (FY22 as of April 2022)

Produced electrodes using powders relevant to domestic supply chain and
environmental sustainability, provided by RNGC (LMR-NM) and MERF (LFP).

rograms.

247 cells (Fr21) 146 cells (FY22 as of April 2022)
cknowledgment:
finding from the u. By ‘Vehicle Technolog
fatefully acknowledged.

Summary Slide

Examples

Acknowledgment:

gratefully acknowledged.

247 cells (FY21)

* Developed methods to coat electrode-ceramic structure coating with roll-to-roll
reverse comma coater in the dry room and produced >10 meters of these
advanced films with loading targets ranging from 1 to 3 mAh/cm?.

* Installed the multifunctional coater in the CAMP Facility dry room.
* Studied X-ray methodologies to quantify electrode expansion in NMC811/Li cells.

* Provided advanced prototype electrodes in the Electrode Library by producing
>100 meters of anodes and cathodes (baseline and novel materials) in support of

various DOE battery programs.
1,807 sheets (FY21) 923 sheets (FY22 as of April 2022)

* Produced high quality electrodes using LiNi0.90Mn0.05C00.0502 powder by
mitigating gelation and produced 1.5 Ah pouch cells.

* Produced electrodes using powders relevant to domestic supply chain and
environmental sustainability, provided by RNGC (LMR-NM) and MERF (LFP).

* Supplied numerous experimental electrodes and cells to DOE programs.
146 cells (FY22 as of April 2022)

Funding from the U.S. Department of Energy’s Office of Vehicle Technologies is

Summary

Work from this program has produced advancements towards understanding and achieving economically-viable,
Mn-rich cathodes as alternative, earth-abundant oxides by:

« Systematic studies that separate bulk vs. surface contributions to low SOC impedance in Li/Mn- rich electrodes
* Correlating local ordering, related to composition, to bulk processes the influence low SOC impedance
* Verification of how voltage hysteresis mechanisms effect low SOC impedance response

* Development and verification of novel surface treatments that enable stable, long-term cycling of cobalt-free,
Mn-rich compositions, at higher energies than state-of-the-art NMC-622, under standardized protocols in
graphite cells

« Discovery of a new class of disordered, lithiated spinel cathodes that are based on MnNi compositions, are
cobalt free, and can deliver significant capacities — these new materials may have important implications for
understanding oxygen redox in complex oxides

« Correlating theory with experiment to elucidate mechanisms of voltage hysteresis that can occur in the absence
of oxygen redox in over-lithiated oxides

* Elucidated effects of particle microstructure on the impedance of Li/Mn- rich electrodes via experiment & modeling

* Systematic investigation on the effect of various synthesis parameters on the resulting morphology of Mn-Ni
precursors with on-going computational analysis to provide understanding on greater synthetic control of product




Contact us by email:
VTAMR@ORAU.org
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